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ABSTRACT: The densities of molten NaCl-CsCl, NaC1-Rkfl3 and Lidl-'L

NaCX systems were measured by the hydrostatic weighing
method ove~r the entire concentration range. The molar volumes and
their deviations from additivity at 800 and 8500 C were calculated
from the e~xperimental data. In all melts, the deviations of molar

volumes fr~om the ideal were positive, with the greatest deviations I
observed in melts containing from 0 to 75% of the cations having
the greatest ionic moments. This is evidence that the second

coordinati~on sphere plays the principal part in "'breaking up" the4

structures; of these melts.
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Alkali metal halides are typical ionic fluids. Their structure can be

represented as a chaotic mixture of complex Me. 3- anions and "free" Me+ cat-
ions, the mutual locations of which are disordered and xubjec:t to statistical 4'
distribution laws. For example, lithium, sodium, rubidium and cesium chlorides
are represented symbolically by the formulas Ll3 [LtCl 1, Na3 [NaCl ]9 Rb3 [RbCl4

and Cs3 [CsC1419, respectively. Its polarizing action on the surrounding anions

and complexes increases with increase in the ionic moment of the central cation

[l).

According to this autocomplex model, in binary solutions, it is precisely

the cations having the larger ionic moment which emerge as complex-forming
ones, and the cations of the other component are displaced into the second
coordination sphere. Strengthening of the bonds takes place in the first
coordination sphere, owing to superposition of ion-dipole iuteractions on ion-
ion Interactions. At the same time, the bonds in complexes of anions with
cations in the second sphere are weakened, as a result of increase in the dis-
tance between them. As a consequence of this rearrangement, changes in packing
density can be expected. The size of the complex anio 4aI3 s esta

thto RbC1 3- and of CsC1 3- , but larger than that of LiCl 3- . Therefore,

4 4 4

in the. NaCI-RbC1, NaCl-Cj•I, and LiC1-NaC1 mixtures, the pac"_ of tubidium
cations around the NaC1,4 anions and of sodium around LiCI1 4 should be less
dense than the packing of rubidium around RbCl 43- # cesium around CsC1 4 - andi

sodium around NaC 4 3-,repcily

If this effect exists, it should be manifested in deviations of the solar
volumes of binary mixtures from eddttivity, in which the more sharply the radii
of the components of the cation mixture differ, the greater the deviations
wrill be.

There are no expersmental data in the literature, by which a judu ent could

be made as to changes in molar volumes of the molten NaCn-LiCo, NaCn-sbC1, and
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i deter1minxtions of interest to us. Therefore, the purpose of this work
is etemintio ofthedensities of the systems referred to above, over the

entire range of concentrations ,in the 650-8000 C temperature- range.

The densities were measured !-y a method which was describoed in detail in
Kwork [2]. Chemically pure grade sodium chloride was used in the investigations. 4

Cemically pure grade cesium and rubidium chlorides were recrystallized repeat-
edly. Lithium chloride was prepared by the method proposed by Laitinen [3].
The experimental data, processed by the least squares method, gave tempera-
ture vs. density equations (Table 1).

TABLE 1: TEMPERTUIRE VS. DENSITY OF MOLTEN SYSTEMS

A1.1 ANIM 160W14 .*

0 1W = .8YZ-.00IVS1000 3
0.1 qi'O-&A dW4I.7947-0.O0l5)V73 i-0.0015 -

0.25 610.-sZO -184-O072 17-0.002041,40(570S60 __4,612S-0.000;6*)fe!0,00l0
(1,.8S76-0.00092 .1+0.00w31

790-.N%0 d=l ,9IC9-0.O00X5270 +T0.000.3
1.00 i810-910 d=1 .9941-0.(KkJY,0 0.0003

NaCI - IRhCI

o. 10 7tho-_V0 ii=2.1090-0.0O06239:±0.00jK03
0 ,'2 7Z0-860 d r=2.2.I142- 0: C4XWV-3r0. 0003
0.4-7-8) d=2.4.124-0.00071 .; O.t X

0 Z770- 'r-0 d=2,67515-0.0r0M~7 3! - OJU13
0.S0 I 760-t-. d=2.$138A-0.000S56Zv- -L0.0010I

7.0 775 --K0 d-2.$770-0.0(J03767t-70,0003

NACI - CsCI

0.10 1 FO-.S95 td=-2.1523-0.0300590 wt 0.000'
0107C,)Sr0--6 040,091

0:7 G21 --- K0 ~i!:d~

Key; a. Hole fraction of second component
b. Density, g/cm3

[Translator's note: Commas In tabulated figures in this and suc-
ceeding tables are equivalent to decimal points.]

our results on density of the individual sodium and rubidium chlorides
- - satisfactorily match the data of other authors [14]. In plots of the density

isotherms of melts of the systems studied from the experimental data (Fig. 1),
the greatest positive deviation from additivity is observed for the NaCl-CsC1 I
system and somewhat less for NaCl-1RbC1. The density changes additively for the
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-Fig. 1: Density Isotherms of Molten Mixtures
at 8000 C.

1 - NaC1-CsC1; 2 - NaC1-RbC1; 3 - LiC1-NaCi;

The mole fractions of the second component are
plotted on the abscissa.

Key: a. Density p, g/cm3

Th_ molar volumes of all salt mixtures studied and their deviations from
additivity, calculated for 800 and 8500, are presented in Table 2.

The relative deviations from additivity of the molar volumes of the
mixtures studied at 8000, over the entire concentration range, are positive
(fig. 2). Thc maximum deviations are observed in the region of 75 mole%

NaCi, for the NaCl-RbCi and NaCl-CsC1 systems, when one sodium cation in the
second coordination spheres is replaced by a rubidium and a cesium cation,
respectively, and in the 75 mole % LiCi region, for the LiCl-NaCl system,
when a lUthium cation in the second sphere is replaced by a sodium cation.
The numerical values of these deviations increase with increase in difference
in the cation radii Ar ri -r her• ri and r are the cation radii. For

ixtu4 -es containing 75-100 mole Z RbCl, CsC3 and RaCl, when the complexesRbC1l- CsC143", and NaC1 3"are formed, the value of the molar volume differs

very insignificantly from the additive values.

i-
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Molte Mixuresat 800 C

1 aC-9l;2-Na1-R~;3 i0-al

LIC -- Na

0.25 2,5 3.8 020 C 0.63 12 R) 323 02 07

1.X 377 :a37.72 i 2 - 3A:4-b1l .3:4 0 LiiNa

0?.~ 37~.n V.72 0 I 1. 3S4 34.~~' 11 0 1) j
- id 4390 4,9CI9 2

0, -% 1 43 .0.7 30 1.6 7 0 , N . 0,3 31 , 1 1 . 4 0 40.2;- 2.0 31.8 0.0 06 47i236 32.37, 02 .1I
1943.211 :13.012 o.M 05.57 '50.63 33,0 0,36 0.49

0.!,() -t.9 0.1. 0,550 3 0,20 ()..-
:36,5 o."~ O2S *72~ -,(;.-.2 0.1 00

NaCI - RCI Ic
(' 3'7,72-:37,72 0 0 -3.13q.I1H 0 0 I

0,1( 1:,o v -0.)( 19 .01 2,i5 42.907 41,09 101 297
0,25 456.32 441. 119 123.7 1) , 46625 0,5 1,24)2,,

0.54 &250.'6 3 .63Zc, 0 0.33 I 0.3 r

0.70 52,59 55i ,,3 0,516 o 7,5 7.-) l-r. 77 01,512 0.31
0.,m 59,41 39:.52 0.,11 -017 C I~ R2 6~0,71 -0:0 0.19R

!0o33 :,1 06 64:64 W-.6-1 0

Key: a. Mole fraction of second component
b. Vexp

C. Vad
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Thus, the positive deviations of the molar volumes which 'we observed
are connected mainly with rearrangement of the second coordination sphera. S
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